INTRODUCTION
============

Cervical spondylotic myelopathy (CSM) is one of the most prevailing and increasingly observed spinal cord disorders in the geriatric population[@B14]. Posterior approaches to decompress the cervical spine include laminectomy, laminoplasty, and laminectomy with fusion. Although cervical laminectomy used to have been widely employed in the treatment of progressive myelopathy, complications such as kyphotic deformity, segmental instability, postoperative adhesions, have been well recognized[@B4]. Cervical laminoplasty, a surgical alternative to laminectomy, has advantages such as lower incidence of postoperative cervical kyphosis and preservation of the range of motion (ROM) of the cervical spine[@B2][@B4]. After laminoplasty, effective decompression is obtained when lordosis of the cervical spine is maintained to allow posterior migration of the spinal cord after laminoplasty[@B2][@B4]. Therefore, the success rate of laminoplasty depends on the pre- and postoperative preservation of cervical spine lordosis[@B2][@B24].

Many authors observed patients who developed postoperative kyphosis, although preoperative lordosis had been maintained[@B8][@B23]. Several studies have reported a significantly decreased flexion and extension ROM after laminoplasty[@B12][@B20]. A large number of patients and longer follow-up periods are necessary for a more detailed determination of decrease in ROM after cervical laminoplasty.

Some investigators claimed that the presence of anterior compression of the spinal cord (ACS) will prevent improvements in neurologic outcome and cause the patients to be considerable suffering[@B4]. We, therefore, retrospectively performed an analysis of radiological and clinical results to investigate how functional recovery can be influenced by ACS after laminoplasty for treatment of patients with CSM.

MATERIALS AND METHODS
=====================

1. Patients
-----------

The retrospective study population comprised 32 patients with CSM who underwent open-door laminoplasty from January 2012 to December 2014. Inclusion criteria were following: patients with CSM who underwent more than 3 segment open-door laminoplasty in author\'s hospital from January 2012 to December 2014, all clinical and radiological data were available, more than 2-year follow-up period. Exclusion criteria were the following: (1) ossification of the posterior longitudinal ligament; (2) history of rheumatoid arthritis, cerebral palsy, or tumors; (3) single-level cervical disc herniation; (4) destructive spondyloarthropathy due to medical disease such as chronic renal or hepatic disease; (5) previous cervical surgery. All of these 32 patients were observed for more than 24 months after surgery in this study with a mean age of 64.2 years (range, 56-78 years) and mean disease duration of 10.3 months (range, 6-21 months). All patients presented with symptoms of myelopathy confirmed by a physical examination. Magnetic resonance imaging as well as computed tomography scan findings were consistent with myelopathy secondary to multisegmental cervical spondylotic stenosis. The Institutional Review Board of Ewha Womans Mok-Dong Hospital approved this study.

All 32 patients underwent open-door laminoplasty by splitting of the one side lamina-facet line using a high-speed drill to elevate and decompress cervical cord. In these cases, surgical exposure was limited as much as possible and the muscles attached to the C2 spinous process were preserved without detachment. At the other side, gutters were created as hinges at the border between the laminae and facets.

After surgery, all patients were allowed to sit up and walk on the second postoperative day while wearing a Philadelphia collar. The collars were applied in all patients for the 4 weeks. Cervical ROM exercises were performed 7 days after operation according to the rehabilitation program. Regular outpatient clinic visit was done.

We divided patients into the 2 groups according to whether ACS was or not preoperatively ([Figs. 1](#F1){ref-type="fig"}, [2](#F2){ref-type="fig"}). ACS (+) was 20 cases and another group 12 cases. Each group was analyzed following parameters.

2. Clinical Outcome
-------------------

Japanese Orthopedic Association (JOA) scoring system was used for the evaluation of neurologic and clinical status of patients preoperatively and postoperatively. JOA scoring system, which consists of 7 categories including upper extremity motor function, lower extremity motor function, sensation of upper or lower extremity and trunk was used to evaluate cervical myelopathy before, after surgery, and to last follow-up[@B21]. Recovery rate (RR) was calculated using the method of Hirabayashi[@B17] method to compare pre- and postoperative JOA scores; (postoperative JOA score--preoperative JOA score)× 100/(17--preoperative JOA score).

3. Radiological Analysis
------------------------

The lordotic angle between C2 and C7 was measured before surgery and at the final follow-up in the neutral and maximal flexion-extension lateral radiographical view by the Cobb method, with negative and positive lordotic angles indicating cervical kyphosis and lordosis, respectively[@B19]. Changes in the alignment of the cervical spine were assessed in the following manner: Alignment change (°)=(preoperative C2-C7 lordotic angle) --(postoperative C2-C7 lordotic angle), The ROM in flexion-extension: ROM change (°)=(preoperative ROM) --(postoperative ROM).

As described by Hiraizumi[@B7] in 2008, Effacement of anterior cerebral spinal fluid buffer on the T2 sagittal and axial images and evidence of anterior compression of cord on the T1 sag and axial images was considered as ACS.

4. Range of Motion
------------------

ROM of the cervical spine was assessed by measuring the difference in alignment at flexion and extension[@B15]. Total ROM value was obtained by summation of these angles. The changes in ROM and preservation rates were evaluated in the following manner: ROM change (°)=(preoperative ROM) --(postoperative ROM), Proportion of ROM preserved (ROM preservation, %)=(postoperative ROM)/(preoperative ROM)×100.

5. Statistical Analysis
-----------------------

A Statistical software package (SPSS ver. 12, SPSS Inc., Chicago, IL, USA) was used for statistical analysis. All values are expressed as means±standard deviation. The paired t-test was used for analyzing the differences between the 2 groups. A p-value of less than 0.05 was considered statistically significant.

RESULTS
=======

There was no significant difference in demographic data between the 2 groups ([Table 1](#T1){ref-type="table"}). ACS was likely to be seen at C4/C5 or C5/C6 (mainly C5 above and below)[@B6]. In this study, ACS (20 cases) was identified C4/5 (6 cases), C5/6 (4 cases), C4/5/6 (6 cases), C6/7 (1 case), and C5/6/7 (3 cases). Extent of laminoplasty was C3-5 (3 cases), C3-6 (8 cases), C3-7 (4 cases), C4-6 (2 cases), and C4-7 (3 cases) in ACS (+) group. In patients group without ACS, C3-5 (3 cases), C3-6 (4 cases), C4-6 (2 cases), and C4-7 (1 case). The extent of laminoplasty level was shown in [Table 1](#T1){ref-type="table"}. It show that C3-5 (3 cases), C3-6 (8 cases), C3-7 (4 cases), C4-6(2 cases), C4-7 (3 cases) in ACS (+) group and C3-5(3 cases), C3-6 (4 cases), C4-6 (2 cases), C4-7 (1 cases) in ACS (-) group.

A significant difference in RR of the total JOA score was shown between the 2 groups, especially upper extremity motor function ([Table 2](#T2){ref-type="table"}). No difference in preoperative JOA score between the 2 group, but RR of each group was 20.05% ±18.1%, 32.21%±25.4%, statistically significant (p\<0.005). Upper motor and sensory function was not significantly different in 2 group.

No significant difference between the groups in kyphotic change and preoperative ROM was observed ([Fig. 2](#F2){ref-type="fig"}). The mean alignment in ACS (+) group was 11.9°±10.3° preoperatively and 10.6°±12.3° postoperatively. At ACS (-) group, the kyphotic angle was 13.4°±9.9° preoperatively and 11.1°±10.67° postoperatively. Angle change through laminoplasty were 1.8° ±8.9° at ACS (+) and 2.1°±9.7° at ACS (-). In ACS (+) group, ROM of cervical spine was 40.1°±11.7° and 33.5°±12.0° preoperatively and postoperatively, 71.2%±38.0% preservation of ROM. Preoperative, postoperative and preservation of ROM was 44.3°±10.1°, 41.8°±15.7°, 87.9% ±35.4% each at ACS (-) group ([Table 3](#T3){ref-type="table"}).

A significant difference in postoperative ROM was identified between ACS (-) and ACS (+) groups.

Postoperative ACS was recognized 14 cases which were classified from its causes. The causes of postoperative ACS (+) was residual 4 cases and newly developed 2 cases. Residual cases were due to kyphosis, spondylolisthesis, and degenerative disc. Kyphosis was main cause in newly developed ACS cases ([Table 4](#T4){ref-type="table"}).

DISCUSSION
==========

Degenerative diseases of the spine, such as CSM, are increasing among the old age population, and surgical treatment of CSM is becoming more and more common[@B14]. A number of laminoplasty procedures have been developed for the treatment of CSM. Many studies have shown that the surgical outcome of laminoplasty are satisfactory[@B1][@B3][@B11][@B15][@B18][@B22][@B25]. However, postoperative complications may arise, including decreased cervical ROM and loss of cervical lordotic alignment, all of which may significantly impair the quality of life[@B4][@B5][@B10].

In this study, we conducted an analysis of radiographical and clinical data of 32 patients with CSM who underwent a single procedure at a single institution. Our findings suggest that patients\' original preoperative cervical alignment was preserved in most cases, and the ROM preservation rate was 85.3% after laminoplasty ([Table 3](#T3){ref-type="table"}). These outcomes were same to other studies[@B13]. Cervical laminoplasty as an alternative procedure for the treatment of multilevel cervical spondylosis, has some advantages compared with laminectomy or multilevel corpectomy. The purported advantage of cervical laminoplasty includes the ability to maintain segmental motion without sacrificing stability[@B8][@B13][@B20][@B23]. However, there have been several reports describing a reduction in ROM and cervical malalignment after cervical laminoplasty such as kyphosis and spondylolisthesis, and these problems remain under discussion[@B2][@B4][@B13][@B24]. In many researches, ROM reduction is reported to range from 30% to 70% of the preoperative ROM[@B17][@B22].

In the present study, several modifications have been introduced to reduce the incidence of such postoperative problems after laminoplasty[@B4][@B11][@B12][@B15][@B18][@B24]. Some authors have reported a relationship between cervical ROM and cervical posterior muscle condition, especially that of the deep muscles, after laminoplasty[@B3]. Another hypothesized cause of the reduction is spontaneous laminar fusion, for which several preventative methods have been considered[@B22]. Early mobilization after surgery has been recommended[@B10]. These authors claimed that early removal of the cervical collar prevents contraction of the facet joint and postoperative atrophy and dysfunction of the extensor musculature of the cervical spine[@B19].

In the current study, we compared 2 groups, 1 group with anterior compression of spinal cord and the other without, to assess the incidence of developing kyphosis after laminoplasty. This finding led us to the conclusion that the tendency of postlaminoplasty kyphosis is higher in the group with anterior compression of spinal cord. Certainly, postoperative kyphosis developed in the patients with preoperative kyphosis. Through the review the previous literature concerning ROM after cervical laminoplasty, preservation of postoperative cervical ROM is important to prevent adjacent segment disease that often accompanies anterior or posterior the sagittal lordotic alignment[@B24].

In 2003, Ratliff and Cooper[@B16] analyzed previous studies on various laminoplasties, and meta-analyzed more than 2,000 patients. They reported that after laminoplasty, ROM of the cervical spine decreased approximately 50%(range, 20%-70%) compared with the preoperative ROM[@B16]. Many studies have described a decreased ROM of the cervical spine after laminoplasty, but the degree of decrease varied among authors[@B9][@B20]. Many studies have described a decreased ROM of the cervical spine after laminoplasty, but the degree of decrease varied among authors[@B13][@B23].

The decompression effect of laminoplasty has been claimed due to an indirect anterior decompression effect by posterior shift of the spinal cord from the anterior compressive lesion as well as a direct posterior decompression[@B6]. Restoration of the anterior subarachnoid space could be a significant factor for neurologic improvement after posterior decompression surgery[@B7]. Posterior shift of the spinal cord of more than 3-mm leads to good recovery of myelopathy symptoms, but little shift by restraining dentate ligaments and nerve roots may occur limited recovery[@B7].

In our study, a significant difference in postoperative ROM was identified between ACS (-) and ACS (+) groups. The postoperative reduction of ROM in group with anterior compression of spinal cord was identified. It was hypothesized that anterior compression of spinal cord may contribute to decrease of neck motion than no anterior compression of spinal cord group.

This study had several limitations. One limitation of this study involves our method of estimating cervical ROM. therefore, cervical movement is multidirectional, but in our study, radiological analysis of movement in only 1 plane was measured. Multidirectional movements, including rotational motion and lateral bending were not considered. In addition, any effect of reduced ROM on restriction of activity, or on daily life, was not evaluated. The follow-up period was not very long as well as small number of patients. Surgical level was heterogeneous, which consisted of 3-, 4-, 5-level laminoplasty. So, it could affect the range of motion. A critical limitation of this study was the lack of a comparative group of patients who underwent the other procedure. Therefore, we could not compare the radiographical outcomes between patients with CSM who underwent other surgical laminoplasty methods.

CONCLUSION
==========

Cervical ROM decreased significantly after laminoplasty, but 85.3% of the preoperative ROM was preserved. The postoperative reduction of ROM in group with anterior compression of spinal cord was identified. So, surgeons consider preoperatively this point.
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![Magnetic resonance imaging shows anterior compression of spinal cord. Effacement of anterior cerebral spinal fluid buffer on the T2 sagittal (A) and axial (B) images was considered as anterior compression of the spinal cord. Panels (C) and (D) shows case without effacement of anterior cerebral spinal fluid buffer on the T2.](kjs-13-177-g001){#F1}

![This patient\'s case shows that the postoperative reduction of range of motion (ROM) in group with anterior compression of spinal cord was identified. (A, B) Anterior compression of the spinal cord. (C, D) The preoperative ROM of cervical spine. (E, F) The postoperative ROM of cervical spine.](kjs-13-177-g002){#F2}

###### Demographic data of patients

![](kjs-13-177-i001)

Values are presented as mean±standard deviation or number of cases.

ACS, anterior compression of the spinal cord; NS, not significant.

###### Clinical outcomes according to JOA score
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Values are presented as mean±standard deviation

JOA, Japanese Orthopedic Association; ACS, anterior compression of the spinal cord; RR, recovery rate; NS, not significant.

###### Radiologic outcomes
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Values are presented as mean±standard deviation

ACS, anterior compression of the spinal cord; ROM, range of motion; NS, not significant.

###### Analysis of postoperative ACS in 6 patients
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ACS, anterior compression of the spinal cord; RR, recovery rate; JOA, Japanese Orthopedic Association; SD, standard deviation.

^\*^There are some overlapping cases in which two case have both kyphosis and Spondylolisthesis.
